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8,620 + 2 = 4,310, where 8,620 is the total
inactive and off mode annual hours;

If the clothes dryer has an inactive mode but
no off mode, the inactive mode annual
hours, Sia, is equal to 8,620 and the off
mode annual hours, Sorr, is equal to 0;

If the clothes dryer has an off mode but no
inactive mode, S is equal to 0 and Sorr
is equal to 8,620

Where:

K = 0.001 kWh/Wh conversion factor for watt-
hours to kilowatt-hours; and

283 = representative average number of
clothes dryer cycles in a year.

4.6 Per-cycle combined total energy consump-
tion expressed in kilowatt-hours. Calculate the
per-cycle combined total energy consump-
tion, Ecc, expressed in kilowatt-hours per
cycle and defined for an electric clothes
dryer as:

Ecc = BEee + Etso
Where:

E.. = the energy calculated in section 4.1 of
this appendix, and

Erso = the energy calculated in section 4.5 of
this appendix, and defined for a gas
clothes dryer as:

Ecc = E¢g + Erso

Where:

E.. = the energy calculated in section 4.4 of
this appendix, and

Erso = the energy calculated in section 4.5 of
this appendix.

4.7 Emnergy Factor in pounds per kilowatt-
hour. Calculate the energy factor, EF, ex-
pressed in pounds per kilowatt-hour and de-
fined for an electric clothes dryer as:

EF = Wbonedry/Ece
Where:

Whooneary = the bone dry test load weight re-
corded in section 3.4.1 of this appendix,
and

E.. = the energy calculated in section 4.1 of
this appendix,and defined for a gas
clothes dryer as:

EF = Wboncdry/Ecg

Where:

Whooneary = the bone dry test load weight re-
corded in section 3.4.1 of this appendix,
and

E., = the energy calculated in section 4.4 of
this appendix,

4.8 Combined Emnergy Factor in pounds per
kilowatt-hour. Calculate the combined energy
factor, CEF, expressed in pounds per Kkilo-
watt-hour and defined as:

CEF = Wyoneary/Ecc

Where:

Whooneary = the bone dry test load weight re-
corded in section 3.4.1 of this appendix,
and

Ecc = the energy calculated in section 4.6 of
this appendix.

[78 FR 49647, Aug. 14, 2013]

10 CFR Ch. Il (1-1-17 Edition)

APPENDIX E TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF WATER HEATERS

NoTE: After December 31, 2015, any rep-
resentations made with respect to the energy
use or efficiency of residential water heaters
and commercial water heaters covered by
this test method must be made in accordance
with the results of testing pursuant to this
appendix. (Because the statute permits use
of a conversion factor until the later of De-
cember 31, 2015 or one year after publication
of a conversion factor final rule, DOE may
amend the mandatory compliance date for
use of this amended test procedure, as nec-
essary.)

Manufacturers conducting tests of residen-
tial water heaters and commercial water
heaters covered by this test method after
July 13, 2015, and prior to December 31, 2015,
must conduct such test in accordance with
either this appendix or the previous test
method. For residential water heaters, the
previous test method is appendix E as it ap-
peared at 10 CFR part 430, subpart B, appen-
dix E, in the 10 CFR parts 200 to 499 edition
revised as of January 1, 2014. For commercial
water heaters, the previous test method is 10
CFR 431.106 in the 10 CFR parts 200 to 499 edi-
tion revised as of January 1, 2014. Any rep-
resentations made with respect to the energy
use or efficiency of such water heaters must
be in accordance with whichever version is
selected.

1. DEFINITIONS.

1.1. Cut-in means the time when or water
temperature at which a water heater control
or thermostat acts to increase the energy or
fuel input to the heating elements, com-
pressor, or burner.

1.2. Cut-out means the time when or water
temperature at which a water heater control
or thermostat acts to reduce to a minimum
the energy or fuel input to the heating ele-
ments, compressor, or burner.

1.3. Design Power Rating means the nominal
power rating that a water heater manufac-
turer assigns to a particular design of water
heater, expressed in kilowatts or Btu (kdJ)
per hour as appropriate.

1.4. Draw Cluster means a collection of
water draws initiated during the simulated-
use test during which no successive draws
are separated by more than 2 hours.

1.5. First-Hour Rating means an estimate of
the maximum volume of ‘““hot” water that a
storage-type water heater can supply within
an hour that begins with the water heater
fully heated (i.e., with all thermostats satis-
fied). It is a function of both the storage vol-
ume and the recovery rate.
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1.6. Flow-activated describes an operational
scheme in which a water heater initiates and
terminates heating based on sensing flow.

1.7. Heat Trap means a device that can be
integrally connected or independently at-
tached to the hot and/or cold water pipe con-
nections of a water heater such that the de-
vice will develop a thermal or mechanical
seal to minimize the recirculation of water
due to thermal convection between the water
heater tank and its connecting pipes.

1.8. Mazximum GPM (L/min) Rating means
the maximum gallons per minute (liters per
minute) of hot water that can be supplied by
an instantaneous water heater while main-
taining a nominal temperature rise of 67 °F
(37.3 °C) during steady-state operation, as de-
termined by testing in accordance with sec-
tion 5.3.2 of this appendix.

1.9. Rated Storage Volume means the water
storage capacity of a water heater, in gallons
(liters), as certified by the manufacturer
pursuant to 10 CFR part 429.

1.10. Recovery Efficiency means the ratio of
energy delivered to the water to the energy
content of the fuel consumed by the water
heater.

1.11. Recovery Period means the time when
the main burner of a storage water heater is
raising the temperature of the stored water.

1.12. Standby means the time, in hours, dur-
ing which water is not being withdrawn from
the water heater. There are two standby
time intervals used within this test proce-
dure: Ty represents the elapsed time be-
tween the time at which the maximum mean
tank temperature is observed after the first
draw cluster and the minute prior to the
start of the first draw following the end of
the first draw cluster of the 24-hour simu-
lated-use test; Ty represents the total time
during the 24-hour simulated-use test when
water is not being withdrawn from the water
heater.

1.13. Symbol Usage. The following identity
relationships are provided to help clarify the
symbology used throughout this procedure:

C,—specific heat of water

Eumua—annual energy consumption of a
water heater

Eumuae—annual electrical energy consump-
tion of a water heater

Eimmuay—annual fossil-fuel energy consump-
tion of a water heater

F,—first-hour rating of a storage-type water
heater

Fro—maximum GPM (L/min) rating of an in-
stantaneous water heater rated at a tem-
perature rise of 67 °F (37.3 °C)

i—a, subscript to indicate the draw number
during a test

M—mass of water removed during the ith
draw of the 24-hour simulated-use test

M*—for storage-type water heaters, mass of
water removed during the ith draw dur-
ing the first-hour rating test

Pt. 430, Subpt. B, App. E

M o,—for instantaneous water heaters, mass
of water removed continuously during a
10-minute interval in the maximum GPM
(L/min) rating test

n—for storage-type water heaters, total
number of draws during the first-hour
rating test

N—total number of draws during the 24-hour
simulated-use test

®—total fossil fuel and/or electric energy
consumed during the entire 24-hour sim-
ulated-use test

®.,—daily water heating energy consumption
adjusted for net change in internal en-
ergy

Qu—Qs with adjustment for variation of
tank to ambient air temperature dif-
ference from nominal value

Qan—overall adjusted daily water heating en-
ergy consumption including Qu. and Quwnp

Q®.—total electrical energy used during the
24-hour simulated-use test

@—total fossil fuel energy used by the water
heater during the 24-hour simulated-use
test

@n—hourly standby losses

Q@uw—daily energy consumption to heat
water at the measured average tempera-
ture rise across the water heater

Quw,s7 -,—daily energy consumption to heat
quantity of water removed during test
over a temperature rise of 67 °F (37.3 °C)

Quwp—adjustment to daily energy consump-
tion, Quw, due to variation of the tem-
perature rise across the water heater not
equal to the nominal value of 67 °F

®,—energy consumption of water heater
from the beginning of the test to the end
of the first recovery period following the
first draw, which may extend beyond
subsequent draws

Qsmy—total energy consumed by the water
heater during the standby time interval
Tstby, 1

Qsuo—total fossil fuel and/or electric energy
consumed from the beginning of the test
to the end of the cutout following the
first draw cluster

Qs —total fossil fuel and/or electric energy
consumed from the beginning of the test
to the initiation of the first draw fol-

_lowing the first draw cluster

To—mean tank temperature at the beginning

_of the 24-hour simulated-use test

T>,—mean tank temperature at the end of

_ the 24-hour simulated-use test

T.swy—average ambient air temperature dur-
ing standby periods of the 24-hour simu-

_ lated-use test

T.r—for flow-activated water heaters, aver-
age outlet water temperature during a
10-minute continuous draw interval in

_ the maximum GPM (L/min) rating test

Tq.,i—average outlet water temperature dur-
ing the ith draw of the 24-hour simu-
lated-use test
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T.—for flow-activated water heaters, aver-
age inlet water temperature during a 10-
minute continuous draw interval in the

_ maximum GPM (L/min) rating test

T:..—average inlet water temperature during
the ith draw of the 24-hour simulated-use
test

Tonax, —maximum measured mean tank tem-
perature after cut-out following the first

_draw of the 24-hour simulated-use test

Ta,o—maximum measured mean tank tem-
perature at the beginning of the standby
period which occurs after cut-out fol-
lowing the final draw of the first draw

_ cluster

T..,—measured mean tank temperature at
the end of the standby period which oc-
curs at the minute prior to commence-
ment of the first draw that follows the

_ end of the first draw cluster

T*..—for storage-type water heaters, aver-
age outlet water temperature during the
ith draw (i = 1 to n) of the first-hour rat-

_  ing test

T*,.axi—for storage-type water heaters, max-
imum outlet water temperature observed
during the ith draw (i = 1 to n) of the

_ first-hour rating test

T*,.n,—for storage-type water heaters, min-
imum outlet water temperature to ter-
minate the ith draw (i = 1 to n) of the
first-hour rating test

UA—standby loss coefficient of a storage-
type water heater

UEF—uniform energy factor of a water heat-
er

Vi—volume of water removed during the ith
draw (i = 1 to N) of the 24-hour simu-
lated-use test

V*—volume of water removed during the ith
draw (i = 1 to n) of the first-hour rating
test

Viom—for flow-activated water heaters, vol-
ume of water removed continuously dur-
ing a 10-minute interval in the maximum
GPM (L/min) rating test

Vi—measured storage volume of the storage
tank

Wy—weight of storage tank when completely
filled with water

W—tare weight of storage tank when com-
pletely empty of water

n—recovery efficiency

p—density of water

Tapy,—e€lapsed time between the time the
maximum mean tank temperature is ob-
served after the first draw cluster and
the minute prior to the start of the first
draw following the first draw cluster

Tapy2—o0verall time of standby periods when
no water is withdrawn during the 24-hour
simulated-use test

1.14. Temperature controller means a device
that is available to the user to adjust the
temperature of the water inside a storage-
type water heater or the outlet water tem-
perature.

10 CFR Ch. Il (1-1-17 Edition)

1.15. Uniform Energy Factor means the
measure of water heater overall efficiency.

2. TEST CONDITIONS.

2.1 Installation Requirements. Tests shall
be performed with the water heater and in-
strumentation installed in accordance with
section 4 of this appendix.

2.2 Ambient Air Temperature. The ambient
air temperature shall be maintained between
65.0 °F and 70.0 °F (18.3 °C and 21.1 °C) on a
continuous basis. For heat pump water heat-
ers, the dry bulb temperature shall be main-
tained at 67.5 °F 1 °F (19.7 °C +0.6 °C) and the
relative humidity shall be maintained at 50%
+2% throughout the test.

2.3 Supply Water Temperature. The tem-
perature of the water being supplied to the
water heater shall be maintained at 58 °F +2
°F (14.4 °C £1.1 °C) throughout the test.

2.4 Outlet Water Temperature. The tem-
perature controllers of a storage-type water
heater shall be set so that water is delivered
at a temperature of 125 °F 15 °F (51.7 °C +2.8
°C).

2.5 Set Point Temperature. The tempera-
ture controller of instantaneous water heat-
ers shall be set to deliver water at a tem-
perature of 125 °F +5 °F (51.7 °C £2.8 °C).

2.6 Supply Water Pressure. During the test
when water is not being withdrawn, the sup-
ply pressure shall be maintained between 40
psig (275 kPa) and the maximum allowable
pressure specified by the water heater manu-
facturer.

2.7 Electrical and/or Fossil Fuel Supply.

2.7.1 Electrical. Maintain the electrical
supply voltage to within 1% of the center of
the voltage range specified by the water
heater and/or heat pump manufacturer.

2.7.2 Natural Gas. Maintain the supply
pressure in accordance with the manufactur-
er’s specifications. If the supply pressure is
not specified, maintain a supply pressure of
7-10 inches of water column (1.7-2.5 kPa). If
the water heater is equipped with a gas ap-
pliance pressure regulator, the regulator
outlet pressure shall be within +10% of the
manufacturer’s specified manifold pressure.
For all tests, use natural gas having a heat-
ing value of approximately 1,026 Btu per
standard cubic foot (38,190 kJ per standard
cubic meter).

2.7.3 Propane Gas. Maintain the supply
pressure in accordance with the manufactur-
er’s specifications. If the supply pressure is
not specified, maintain a supply pressure of
11-13 inches of water column (2.7-3.2 kPa). If
the water heater is equipped with a gas ap-
pliance pressure regulator, the regulator
outlet pressure shall be within +10% of the
manufacturer’s specified manifold pressure.
For all tests, use propane gas with a heating
value of approximately 2,500 Btu per stand-
ard cubic foot (93,147 kJ per standard cubic
meter).
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2.7.4 Fuel Oil Supply. Maintain an uninter-
rupted supply of fuel oil. Use fuel oil having
a heating value of approximately 138,700 Btu
per gallon (38,660 kJ per liter).

Pt. 430, Subpt. B, App. E

3. INSTRUMENTATION

3.1 Pressure Measurements. Pressure-meas-
uring instruments shall have an error no
greater than the following values:

Iltem measured

Instrument accuracy

Instrument precision

Gas pressure
Atmospheric pressure ..

Water pressure .......ccoceeveeeeeeeeeneenenennens

+0.1 inch of water column (+0.025 kPa)
+0.1 inch of mercury column (+0.34 kPa)

+1.0 pounds per square inch (+6.9 kPa)

+0.05 inch of water column (£0.012 kPa).

+0.05 inch of mercury column (£0.17
kPa).

+0.50 pounds per square inch (+3.45
kPa).

3.2 Temperature Measurement

3.2.1 Measurement. Temperature measure-
ments shall be made in accordance with the
Standard Method for Temperature Measure-
ment, ASHRAE 41.1-1986 (incorporated by
reference, see §430.3).

3.2.2 Accuracy and Precision. The accuracy
and precision of the instruments, including
their associated readout devices, shall be
within the following limits:

Iltem measured

Instrument accuracy

Instrument precision

Air dry bulb temperature
Air wet bulb temperature .....
Inlet and outlet water temperatures
Storage tank temperatures ..

0.2 °F (+0.1 °C) ...
+0.2 °F (0.1 °C)
0.2 °F (+0.1 °C) .
+0.5 °F (+0.3 °C)

+0.1 °F (+0.06 °C).
+0.1 °F (+0.06 °C).
+0.1 °F (+0.06 °C).
+0.25 °F (+0.14 °C).

3.2.3 Scale Division. In no case shall the
smallest scale division of the instrument or
instrument system exceed 2 times the speci-
fied precision.

3.2.4 Temperature Difference Temperature
difference between the entering and leaving
water may be measured with any of the fol-
lowing:

a. A thermopile

b. Calibrated resistance thermometers
c. Precision thermometers

d. Calibrated thermistors

e. Calibrated thermocouples

f. Quartz thermometers

3.2.5 Thermopile Construction. If a thermo-
pile is used, it shall be made from calibrated
thermocouple wire taken from a single spool.
Extension wires to the recording device shall
also be made from that same spool.

3.2.6 Time Constant. The time constant of
the instruments used to measure the inlet
and outlet water temperatures shall be no
greater than 2 seconds.

3.3 Liquid Flow Rate Measurement. The ac-
curacy of the liquid flow rate measurement,
using the calibration if furnished, shall be
equal to or less than +1% of the measured
value in mass units per unit time.

3.4 Electrical Energy. The electrical energy
used shall be measured with an instrument
and associated readout device that is accu-
rate within +0.5% of the reading.

3.5 Fossil Fuels. The quantity of fuel used
by the water heater shall be measured with
an instrument and associated readout device
that is accurate within +1% of the reading.

3.6 Mass Measurements. For mass measure-
ments greater than or equal to 10 pounds (4.5
kg), a scale that is accurate within +0.5% of
the reading shall be used to make the meas-
urement. For mass measurements less than
10 pounds (4.5 kg), the scale shall provide a
measurement that is accurate within 0.1
pound (0.045 kg).

3.1 Heating Value. The higher heating
value of the natural gas, propane, or fuel oil
shall be measured with an instrument and
associated readout device that is accurate
within +1% of the reading. The heating val-
ues of natural gas and propane must be cor-
rected from those reported at standard tem-
perature and pressure conditions to provide
the heating value at the temperature and
pressure measured at the fuel meter.

3.8 Time. The elapsed time measurements
shall be measured with an instrument that is
accurate within +0.5 seconds per hour.

3.9 Volume. Volume measurements shall
be measured with an accuracy of +2% of the
total volume.

3.10 Relative Humidity. If a relative humid-
ity (RH) transducer is used to measure the
relative humidity of the surrounding air
while testing heat pump water heaters, the
relative humidity shall be measured with an
accuracy of +1.5% RH.

4. INSTALLATION

4.1 Water Heater Mounting. A water heater
designed to be freestanding shall be placed
on a % inch (2 cm) thick plywood platform
supported by three 2x4 inch (5 cmx10 cm) run-
ners. If the water heater is not approved for
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installation on combustible flooring, suit-
able non-combustible material shall be
placed between the water heater and the
platform. Counter-top water heaters shall be
placed against a simulated wall section.
Wall-mounted water heaters shall be sup-
ported on a simulated wall in accordance
with the manufacturer-published installa-
tion instructions. When a simulated wall is
used, the construction shall be 2x4 inch (b
cmx10 cm) studs, faced with 3% inch (2 cm)
plywood. For heat pump water heaters not
delivered as a single package, the units shall
be connected in accordance with the manu-
facturer-published installation instructions
and the overall system shall be placed on the
above-described plywood platform. If instal-
lation instructions are not provided by the
heat pump manufacturer, uninsulated 8 foot
(2.4 m) long connecting hoses having an in-
side diameter of % inch (1.6 cm) shall be used
to connect the storage tank and the heat
pump water heater. The testing of the water
heater shall occur in an area that is pro-
tected from drafts of more than 50 ft/min
(0.25 m/s) from room ventilation registers,
windows, or other external sources of air
movement.

4.2 Water Supply. Connect the water heat-
er to a water supply capable of delivering
water at conditions as specified in sections
2.3 and 2.6 of this appendix.

4.3 Water Inlet and Outlet Configuration.
For freestanding water heaters that are tall-
er than 36 inches (91.4 cm), inlet and outlet
piping connections shall be configured in a
manner consistent with Figures 1 and 2 of
section 6.4.6 of this appendix. Inlet and out-
let piping connections for wall-mounted
water heaters shall be consistent with Fig-
ure 3 of section 6.4.6 of this appendix. For
freestanding water heaters that are 36 inches
or less in height and not supplied as part of
a counter-top enclosure (commonly referred
to as an under-the-counter model), inlet and
outlet piping shall be installed in a manner
consistent with Figures 4, 5, or 6 of section
6.4.6 of this appendix. For water heaters that
are supplied with a counter-top enclosure,
inlet and outlet piping shall be made in a
manner consistent with Figures 7a and 7b of
section 6.4.6 of this appendix, respectively.
The vertical piping noted in Figures 7a and
Tb shall be located (whether inside the enclo-
sure or along the outside in a recessed chan-
nel) in accordance with the manufacturer-
published installation instructions.

All dimensions noted in Figures 1 through
7 of section 6.4.6 of this appendix must be
achieved. All piping between the water heat-
er and inlet and outlet temperature sensors,
noted as Ty and Tour in the figures, shall be
Type ‘L’ hard copper having the same di-
ameter as the connections on the water heat-
er. Unions may be used to facilitate installa-
tion and removal of the piping arrange-
ments. Install a pressure gauge and dia-
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phragm expansion tank in the supply water
piping at a location upstream of the inlet
temperature sensor. Install an appropriately
rated pressure and temperature relief valve
on all water heaters at the port specified by
the manufacturer. Discharge piping for the
relief valve must be non-metallic. If heat
traps, piping insulation, or pressure relief
valve insulation are supplied with the water
heater, they must be installed for testing.
Except when using a simulated wall, provide
sufficient clearance such that none of the
piping contacts other surfaces in the test
room.

4.4 Fuel and/or Electrical Power and Energy
Consumption. Install one or more instru-
ments that measure, as appropriate, the
quantity and rate of electrical energy and/or
fossil fuel consumption in accordance with
section 3 of this appendix.

4.5 Internal Storage Tank Temperature
Measurements. For water heaters with rated
storage volumes greater than or equal to 20
gallons, install six temperature measure-
ment sensors inside the water heater tank
with a vertical distance of at least 4 inches
(100 mm) between successive sensors. For
water heaters with rated storage volumes be-
tween 2 and 20 gallons, install three tempera-
ture measurement sensors inside the water
heater tank. Position a temperature sensor
at the vertical midpoint of each of the six
equal volume nodes within a tank larger
than 20 gallons or the three equal volume
nodes within a tank between 2 and 20 gallons.
Nodes designate the equal volumes used to
evenly partition the total volume of the
tank. As much as is possible, the tempera-
ture sensor should be positioned away from
any heating elements, anodic protective de-
vices, tank walls, and flue pipe walls. If the
tank cannot accommodate six temperature
sensors and meet the installation require-
ments specified above, install the maximum
number of sensors that comply with the in-
stallation requirements. Install the tempera-
ture sensors through: (1) The anodic device
opening; (2) the relief valve opening; or (3)
the hot water outlet. If installed through the
relief valve opening or the hot water outlet,
a tee fitting or outlet piping, as applicable,
must be installed as close as possible to its
original location. If the relief valve tempera-
ture sensor is relocated, and it no longer ex-
tends into the top of the tank, install a sub-
stitute relief valve that has a sensing ele-
ment that can reach into the tank. If the hot
water outlet includes a heat trap, install the
heat trap on top of the tee fitting. Cover any
added fittings with thermal insulation hav-
ing an R value between 4 and 8 h-ft2- °F/Btu
(0.7 and 1.4 m2- °C/W).

4.6 Ambient Air Temperature Measurement.
Install an ambient air temperature sensor at
the vertical mid-point of the water heater
and approximately 2 feet (610 mm) from the
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surface of the water heater. Shield the sen-
sor against radiation.

4.7 Inlet and Outlet Water Temperature
Measurements. Install temperature sensors in
the cold-water inlet pipe and hot-water out-
let pipe as shown in Figures 1, 2, 3, 4, 5, 6, 7a,
and Tb of section 6.4.6 of this appendix, as ap-
plicable.

4.8 Flow Control. Install a valve or valves
to provide flow as specified in sections 5.3
and 5.4 of this appendix.

4.9 Flue Requirements.

4.9.1 Gas-Fired Water Heaters. Establish a
natural draft in the following manner. For
gas-fired water heaters with a vertically dis-
charging draft hood outlet, connect to the
draft hood outlet a 5-foot (1.5-meter) vertical
vent pipe extension with a diameter equal to
the largest flue collar size of the draft hood.
For gas-fired water heaters with a hori-
zontally discharging draft hood outlet, con-
nect to the draft hood outlet a 90-degree
elbow with a diameter equal to the largest
flue collar size of the draft hood, connect a 5-
foot (1.5-meter) length of vent pipe to that
elbow, and orient the vent pipe to discharge
vertically upward. Install direct-vent gas-
fired water heaters with venting equipment
specified in the manufacturer’s instructions
using the minimum vertical and horizontal
lengths of vent pipe recommended by the
manufacturer.

4.9.2 Oil-Fired Water Heaters. Establish a
draft at the flue collar at the value specified
in the manufacturer’s instructions. Establish
the draft by using a sufficient length of vent
pipe connected to the water heater flue out-
let, and directed vertically upward. For an
oil-fired water heater with a horizontally
discharging draft hood outlet, connect to the
draft hood outlet a 90-degree elbow with a di-
ameter equal to the largest flue collar size of
the draft hood, connect to the elbow fitting
a length of vent pipe sufficient to establish
the draft, and orient the vent pipe to dis-
charge vertically upward. Direct-vent oil-
fired water heaters should be installed with
venting equipment as specified in the manu-
facturer’s instructions, using the minimum
vertical and horizontal lengths of vent pipe
recommended by the manufacturer.

5. TEST PROCEDURES

5.1 Operational Mode Selection. For water
heaters that allow for multiple user-selected
operational modes, all procedures specified
in this appendix shall be carried out with the
water heater in the same operational mode
(i.e., only one mode). This operational mode
shall be the default mode (or similarly-
named, suggested mode for normal oper-
ation) as defined by the manufacturer in its
product literature for giving selection guid-
ance to the consumer. For heat pump water
heaters, if a default mode is not defined in
the product literature, each test shall be
conducted under an operational mode in
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which both the heat pump and any electric
resistance backup heating element(s) are ac-
tivated by the unit’s control scheme, and
which can achieve the internal storage tank
temperature specified in this test procedure;
if multiple operational modes meet these cri-
teria, the water heater shall be tested under
the most energy-intensive mode. If no de-
fault mode is specified and the unit does not
offer an operational mode that utilizes both
the heat pump and the electric resistance
backup heating element(s), the first-hour
rating test and the simulated-use test shall
be tested in heat-pump-only mode. For other
types of water heaters where a default mode
is not specified, test the unit in all modes
and rate the unit using the results of the
most energy-intensive mode.

5.2 Water Heater Preparation.

5.2.1 Determination of Storage Tank Volume.
For water heaters with a rated storage vol-
ume greater than or equal to 2 gallons, de-
termine the storage capacity, Vg, of the
water heater under test, in gallons (liters),
by subtracting the tare weight—measured
while the tank is empty—from the gross
weight of the storage tank when completely
filled with water (with all air eliminated and
line pressure applied as described in section
2.5 of this appendix) and dividing the result-
ing net weight by the density of water at the
measured temperature.

5.2.2 Setting the Outlet Discharge Tempera-
ture.

5.2.2.1 Flow-Activated Water Heaters, in-
cluding certain instantaneous water heaters
and certain storage-type water heaters. Initiate
normal operation of the water heater at the
full input rating for electric water heaters
and at the maximum firing rate specified by
the manufacturer for gas or oil water heat-
ers. Monitor the discharge water tempera-
ture and set to a value of 125 °F 5 °F (51.7 °C
+2.8 °C) in accordance with the manufactur-
er’s instructions. If the water heater is not
capable of providing this discharge tempera-
ture when the flow rate is 1.7 gallons +0.25
gallons per minute (6.4 liters +0.95 liters per
minute), then adjust the flow rate as nec-
essary to achieve the specified discharge
water temperature. Once the proper tem-
perature control setting is achieved, the set-
ting must remain fixed for the duration of
the maximum GPM test and the simulated-
use test.

5.2.2.2 Storage-Type Water Heaters that Are
Not Flow-Activated.

5.2.2.2.1 Tanks with a Single Temperature
Controller.

5.2.2.2.1.1 Water Heaters with Rated Volumes
Less than 20 Gallons. Starting with a tank at
the supply water temperature, initiate nor-
mal operation of the water heater. After cut-
out, initiate a draw from the water heater at
a flow rate of 1.0 gallon +0.25 gallons per
minute (3.8 liters +0.95 liters per minute) for
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2 minutes. Starting 15 seconds after com-
mencement of draw, record the outlet tem-
perature at 15-second intervals until the end
of the 2-minute period. Determine whether
the maximum outlet temperature is within
the range of 125 °F 5 °F (51.7 °C 2.8 °C). If
not, turn off the water heater, adjust the
temperature controller, and then drain and
refill the tank with supply water. Then, once
again, initiate normal operation of the water
heater, and repeat the 2-minute outlet tem-
perature test following cut-out. Repeat this
sequence until the maximum outlet tem-
perature during the 2-minute test is within
125 °F 45 °F (51.7 °C #2.8 °C). Once the proper
temperature control setting is achieved, the
setting must remain fixed for the duration of
the first-hour rating test and the simulated-
use test such that a second identical simu-
lated-use test run immediately following the
one specified in section 5.4 would result in
average delivered water temperatures that
are within the bounds specified in section 2.4
of this appendix.

5.2.2.2.1.2 Water Heaters with Rated Volumes
Greater than or Equal to 20 Gallons. Starting
with a tank at the supply water tempera-
ture, initiate normal operation of the water
heater. After cut-out, initiate a draw from
the water heater at a flow rate of 1.7 gallons
+0.25 gallons per minute (6.4 liters +0.95 liters
per minute) for 5 minutes. Starting 15 sec-
onds after commencement of draw, record
the outlet temperature at 15-second intervals
until the end of the 5-minute period. Deter-
mine whether the maximum outlet tempera-
ture is within the range of 125 °F +5 °F (51.7
°C #£2.8 °C). If not, turn off the water heater,
adjust the temperature controller, and then
drain and refill the tank with supply water.
Then, once again, initiate normal operation
of the water heater, and repeat the 5-minute
outlet temperature test following cut-out.
Repeat this sequence until the maximum
outlet temperature during the 5-minute test
is within of 125 °F 15 °F (51.7 °C £2.8 °C). Once
the proper temperature control setting is
achieved, the setting must remain fixed for
the duration of the first-hour rating test and
the simulated-use test such that a second
identical simulated-use test run imme-
diately following the one specified in section
5.4 would result in average delivered water
temperatures that are within the bounds
specified in section 2.4 of this appendix.

5.2.2.2.2 Tanks with Two or More Tempera-
ture Controllers. Verify the temperature con-
troller set-point while removing water in ac-
cordance with the procedure set forth for the
first-hour rating test in section 5.3.3 of this
appendix. The following criteria must be met
to ensure that all temperature controllers
are set to deliver water at 125 °F £5 °F (51.7
°C £2.8 °C):

(a) At least 50 percent of the water drawn
during the first draw of the first-hour rating
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test procedure shall be delivered at a tem-
perature of 125 °F +5 °F (51.7 °C £2.8 °C).

(b) No water is delivered above 130 °F (54.4
°C) during first-hour rating test.

(c) The delivery temperature measured 15
seconds after commencement of each draw
begun prior to an elapsed time of 60 minutes
from the start of the test shall be at 125 °F
+5 °F (51.7 °C £2.8 °C).

If these conditions are not met, turn off
the water heater, adjust the temperature
controllers, and then drain and refill the
tank with supply water. Repeat the proce-
dure described at the start of section 5.2.2.2.2
until the criteria for setting the temperature
controllers is met.

If the conditions stated above are met, the
data obtained during the process of verifying
the temperature control set-points may be
used in determining the first-hour rating
provided that all other conditions and meth-
ods required in sections 2 and 5.2.4 in pre-
paring the water heater were followed.

5.2.3 Power Input Determination. For all
water heaters except electric types, initiate
normal operation (as described in section 5.1)
and determine the power input, P, to the
main burners (including pilot light power, if
any) after 15 minutes of operation. If the
water heater is equipped with a gas appli-
ance pressure regulator, the regulator outlet
pressure shall be set within +10% of that rec-
ommended by the manufacturer. For oil-
fired water heaters, the fuel pump pressure
shall be within +10% of the manufacturer’s
specified pump pressure. Adjust all burners
to achieve an hourly Btu (kJ) rating that is
within +2% of the value specified by the
manufacturer. For an oil-fired water heater,
adjust the burner to give a CO, reading rec-
ommended by the manufacturer and an hour-
ly Btu (kJ) rating that is within 2% of that
specified by the manufacturer. Smoke in the
flue may not exceed No. 1 smoke as meas-
ured by the procedure in ASTM D2156 (incor-
porated by reference, see §430.3).

5.2.4 Soak-In Period for Water Heaters with
Rated Storage Volumes Greater than or Equal to
2 Gallons. For storage-type water heaters and
instantaneous water heaters having greater
than 2 gallons (7.6 liters) of storage (includ-
ing heat pump water heaters having greater
than 2 gallons of storage), the water heater
must sit filled with water and without any
draws taking place for at least 12 hours after
initially being energized so as to achieve the
nominal temperature set-point within the
tank and with the unit connected to a power
source.

5.3 Delivery Capacity Tests.

5.3.1 General. For flow-activated water
heaters, conduct the maximum GPM test, as
described in section 5.3.2, Maximum GPM Rat-
ing Test for Flow-Activated Water Heaters, of
this appendix. For all other water heaters,
conduct the first-hour rating test as de-
scribed in section 5.3.3 of this appendix.
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5.3.2 Mazximum GPM Rating Test for Flow-
Activated Water Heaters. Establish normal
water heater operation at the full input rate
for electric water heaters and at the max-
imum firing rate for gas or oil water heaters
with the discharge water temperature set in
accordance with section 5.2.2.1 of this appen-
dix.

For this 10-minute test, either collect the
withdrawn water for later measurement of
the total mass removed or use a water meter
to directly measure the water volume re-
moved. Initiate water flow through the
water heater and record the inlet and outlet
water temperatures beginning 15 seconds
after the start of the test and at subsequent
b5-second intervals throughout the duration
of the test. At the end of 10 minutes, turn off
the water. Determine and record the mass of
water collected, M;om, in pounds (kilograms),
or the volume of water, Viom, in gallons (li-
ters).

5.3.3 First-Hour Rating Test.

5.8.3.1 General. During hot water draws for
water heaters with rated storage volumes
greater than or equal to 20 gallons, remove
water at a rate of 3.0 £0.25 gallons per minute
(11.4 +0.95 liters per minute). During hot
water draws for storage-type water heaters
with rated storage volumes below 20 gallons,
remove water at a rate of 1.0 £0.25 gallon per
minute (3.8 £0.95 liters per minute). Collect
the water in a container that is large enough
to hold the volume removed during an indi-
vidual draw and is suitable for weighing at
the termination of each draw to determine
the total volume of water withdrawn. As an
alternative to collecting the water, a water
meter may be used to directly measure the
water volume(s) withdrawn.

5.3.3.2 Draw Initiation Criteria. Begin the
first-hour rating test by starting a draw on
the storage-type water heater. After comple-
tion of this first draw, initiate successive
draws based on the following criteria. For
gas-fired and oil-fired water heaters, initiate
successive draws when the temperature con-
troller acts to reduce the supply of fuel to
the main burner. For electric water heaters
having a single element or multiple elements
that all operate simultaneously, initiate suc-
cessive draws when the temperature con-
troller acts to reduce the electrical input
supplied to the element(s). For electric
water heaters having two or more elements
that do not operate simultaneously, initiate
successive draws when the applicable tem-
perature controller acts to reduce the elec-
trical input to the energized element located
vertically highest in the storage tank. For
heat pump water heaters that do not use sup-
plemental, resistive heating, initiate succes-
sive draws immediately after the electrical
input to the compressor is reduced by the ac-
tion of the water heater’s temperature con-
troller. For heat pump water heaters that
use supplemental resistive heating, initiate

Pt. 430, Subpt. B, App. E

successive draws immediately after the elec-
trical input to the first of either the com-
pressor or the vertically highest resistive
element is reduced by the action of the appli-
cable water heater temperature controller.
This draw initiation criterion for heat pump
water heaters that use supplemental resis-
tive heating, however, shall only apply when
the water located above the thermostat at
cut-out is heated to 125 °F +5 °F (51.7 °C +2.8
°C). If this criterion is not met, then the next
draw should be initiated once the heat pump
compressor cuts out.

5.3.3.3 Test Sequence. Establish normal
water heater operation. If the water heater
is not presently operating, initiate a draw.
The draw may be terminated any time after
cut-in occurs. After cut-out occurs (i.e., all
temperature controllers are satisfied), record
the internal storage tank temperature at
each sensor described in section 4.5 of this
appendix every one minute, and determine
the mean tank temperature by averaging the
values from these sensors.

Initiate a draw after a maximum mean
tank temperature (the maximum of the
mean temperatures of the individual sensors)
has been observed following a cut-out.
Record the time when the draw is initiated
and designate it as an elapsed time of zero
(t* = 0). (The superscript * is used to denote
variables pertaining to the first-hour rating
test). Record the outlet water temperature
beginning 15 seconds after the draw is initi-
ated and at b5-second intervals thereafter
until the draw is terminated. Determine the
maximum outlet temperature that occurs
during this first draw and record it as T*max.1.
For the duration of this first draw and all
successive draws, in addition, monitor the
inlet temperature to the water heater to en-
sure that the required 58 °F +2 °F (14.4 °C 1.1
°C) test condition is met. Terminate the hot
water draw when the outlet temperature de-
creases to T*pu1 — 15 °F (T*max1 — 8.3 °C).
(Note, if the outlet temperature does not de-
crease t0 T*mnax,1 — 16 °F (T*max,1 — 8.3 °C) dur-
ing the draw, then hot water would be drawn
continuously for the duration of the test. In
this instance, the test would end when the
temperature decreases to T¥mui— 15 °F
(T*maxa1 — 8.3 °C) after the electrical power
and/or fuel supplied to the water heater is
shut off, as described in the following para-
graphs.) Record this temperature as T*nin1.
Following draw termination, determine the
average outlet water temperature and the
mass or volume removed during this first
draw and record them as T%4; and M¥*, or
V*,, respectively.

Initiate a second and, if applicable, succes-
sive draw(s) each time the applicable draw
initiation criteria described in section 5.3.3.2
are satisfied. As required for the first draw,
record the outlet water temperature 15 sec-
onds after initiating each draw and at 5-sec-
ond intervals thereafter until the draw is
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terminated. Determine the maximum outlet
temperature that occurs during each draw
and record it as T*maxi, Where the subscript i
refers to the draw number. Terminate each
hot water draw when the outlet temperature
decreases to T*naxi — 15 °F (T*paxi — 8.3 °C).
Record this temperature as T*,,;. Calculate
and record the average outlet temperature
and the mass or volume removed during each
draw (T*4e; and M* or V*, respectively).
Continue this sequence of draw and recovery
until one hour after the start of the test,
then shut off the electrical power and/or fuel
supplied to the water heater.

If a draw is occurring at one hour from the
start of the test, continue this draw until the
outlet temperature decreases to T*naxn — 15
°F (T*maxn — 8.3 °C), at which time the draw
shall be immediately terminated. (The sub-
script n shall be used to denote measure-
ments associated with the final draw.) If a
draw is not occurring one hour after the
start of the test, initiate a final draw at one
hour, regardless of whether the criteria de-
scribed in section 5.3.3.2 of this appendix are
satisfied. This draw shall proceed for a min-
imum of 30 seconds and shall terminate when
the outlet temperature first indicates a
value less than or equal to the cut-off tem-
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perature used for the previous draw
(T*minn—1). If an outlet temperature greater
than T*ninn—1 is not measured within 30 sec-

onds of initiation of the draw, zero addi-
tional credit shall be given towards first-
hour rating (i.e., M*, = 0 or V*, = 0) based on
the final draw. After the final draw is termi-
nated, calculate and record the average out-
let temperature and the mass or volume re-
moved during the final draw (T*gean and M*,
or V*,, respectively).

5.4 24-Hour Simulated Use Test.

5.4.1 Selection of Draw Pattern. The water
heater will be tested under a draw profile
that depends upon the first-hour rating ob-
tained following the test prescribed in sec-
tion 5.3.3 of this appendix, or the maximum
GPM rating obtained following the test pre-
scribed in section 5.3.2 of this appendix,
whichever is applicable. For water heaters
that have been tested according to the first-
hour rating procedure, one of four different
patterns shall be applied based on the meas-
ured first-hour rating, as shown in Table I of
this section. For water heater that have been
tested according to the maximum GPM rat-
ing procedure, one of four different patterns
shall be applied based on the maximum
GPM, as shown in Table II of this section.

TABLE |—DRAW PATTERN TO BE USED BASED ON FIRST-HOUR RATING

First-hour rating greater than or equal
o:

... and first-hour rating less than:

Draw pattern to be used in simulated-use test

0 gallons
18 gallons
51 gallons
75 gallons ...

18 gallons ..
51 gallons ..
75 gallons ..
No upper limi

Very-Small-Usage (Table IlI.1).
Low-Usage (Table I11.2).
Medium-Usage (Table I11.3).
High-Usage (Table I11.4).

TABLE |I—DRAW PATTERN TO BE USED BASED ON MAXIMUM GPM RATING

Maximum GPM rating greater than or
equal to:

and maximum GPM rating less than:

Draw pattern to be used in simulated-use test

0 gallons/minute ....
1.7 gallons/minute .
2.8 gallons/minute .
4 gallons/minute ...

1.7 gallons/minute ...
2.8 gallons/minute
4 gallons/minute
No upper limit

Very-Small-Usage (Table IlI.1).
Low-Usage (Table 111.2).
Medium-Usage (Table 11.3).
High-Usage (Table lIl.4).

The draw patterns are provided in Tables
III.1 through III.4 in section 5.5 of this appen-
dix. Use the appropriate draw pattern when
conducting the test sequence provided in sec-
tion 5.4.2 of this appendix for water heaters
with rated storage volumes greater than or
equal to 2 gallons or section 5.4.3 of this ap-
pendix for water heaters with rated storage
volumes less than 2 gallons.

5.4.2 Test Sequence for Water Heaters with
Rated Storage Volumes Greater Than or Equal
to 2 Gallons. If the water heater is turned off,
fill the water heater with supply water and
maintain supply water pressure as described
in section 2.6 of this appendix. Turn on the
water heater and associated heat pump unit,

if present. If turned on in this fashion, the
soak-in period described in section 5.2.4 of
this appendix shall be implemented. If the
water heater has undergone a first-hour rat-
ing test prior to conduct of the simulated-
use test, allow the water heater to fully re-
cover after completion of that test such that
the main burner, heating elements, or heat
pump compressor of the water heater are no
longer raising the temperature of the stored
water. In all cases, the water heater shall sit
idle for 1 hour prior to the start of the 24-
hour test; during which time no water is
drawn from the unit and there is no energy
input to the main heating elements, heat
pump compressor, and/or burners. At the end
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of this period, the 24-hour simulated-use test
will begin.

At the start of the 24-hour test, record the
mean tank temperature (T,), and the elec-
trical and/or fuel measurement readings, as
appropriate. Begin the 24-hour simulated use
test by withdrawing the volume specified in
the appropriate table in section 5.5 of this
appendix (i.e., Table III.1, Table III.2, Table
II1.3, or Table II1.4, depending on the first-
hour rating or maximum GPM rating) for
the first draw at the flow rate specified in
the applicable table. Record the time when
this first draw is initiated and assign it as
the test elapsed time (1) of zero (0). Record
the average storage tank and ambient tem-
perature every minute throughout the 24-
hour simulated-use test. At the elapsed
times specified in the applicable draw pat-
tern table in section 5.5 of this appendix for
a particular draw pattern, initiate additional
draws pursuant to the draw pattern, remov-
ing the volume of hot water at the prescribed
flow rate specified by the table. The max-
imum allowable deviation from the specified
volume of water removed for any single draw
taken at a nominal flow rate of 1 GPM or 1.7
GPM is £0.1 gallons (£0.4 liters). The max-
imum allowable deviation from the specified
volume of water removed for any single draw
taken at a nominal flow rate of 3 GPM is
+0.25 gallons (0.9 liters). The quantity of
water withdrawn during the last draw shall
be increased or decreased as necessary such
that the total volume of water withdrawn
equals the prescribed daily amount for that
draw pattern *1.0 gallon (£3.8 liters). If this
adjustment to the volume drawn during the
last draw results in no draw taking place,
the test is considered invalid.

All draws during the 24-hour simulated-use
test shall be made at the flow rates specified
in the applicable draw pattern table in sec-
tion 5.5 of this appendix, within a tolerance
of £0.25 gallons per minute (0. 9 liters per
minute). Measurements of the inlet and out-
let temperatures shall be made 5 seconds
after the draw is initiated and at every sub-
sequent 3-second interval throughout the du-
ration of each draw. Calculate and record the
mean of the hot water discharge temperature
and the cold water inlet temperature for
each draw Tua; and Ti,;). Determine and
record the net mass or volume removed (M;
or V;), as appropriate, after each draw.

At the end of the first recovery period fol-
lowing the first draw, which may extend be-
yond subsequent draws, record the maximum
mean_tank temperature observed after cut-
out, Tmax.1, and the energy consumed by an
electric resistance, gas, or oil-fired water
heater (including electrical energy), from
the beginning of the test, Q.. For heat pump
water heaters, the total energy consumed
during the first recovery by the heat pump
(including compressor, fan, controls, pump,

Pt. 430, Subpt. B, App. E

etc.) and, if applicable, by the resistive ele-
ment(s) shall be recorded as Q;.

The start of the portion of the test during
which the standby loss coefficient is deter-
mined depends upon whether the unit has
fully recovered from the first draw cluster. If
a recovery is occurring at or within five min-
utes of the end of the final draw in the first
draw cluster, as identified in the applicable
draw pattern table in section 5.5 of this ap-
pendix, then the standby period starts when
a maximum average tank temperature is ob-
served starting five minutes after the end of
the recovery period that follows that draw. If
a recovery does not occur at or within five
minutes of the end of the final draw in the
first draw cluster, as identified in the appli-
cable draw pattern table in section 5.5 of this
appendix, then the standby period starts five
minutes after the end of that draw. Deter-
mine and record the total electrical energy
and/or fossil fuel consumed from the begin-
ning of the test to the start of the standby
period, Qsuo.

In preparation for determining the energy
consumed during standby, record the reading
given on the electrical energy (watt-hour)
meter, the gas meter, and/or the scale used
to determine oil consumption, as appro-
priate. Record the mean tank temperature at
the start of the standby period as Ts.o. At 1-
minute intervals, record the mean tank tem-
perature and the electric and/or fuel instru-
ment readings until the next draw is initi-
ated. Just prior to initiation of the next
draw, record the mean tank temperature as
Tt If the water heater is undergoing recov-
ery when the next draw is initiated, record
the mean tank temperature T, s at the
minute prior to the start of the recovery.
The time at which this value occurs is the
end of the standby period. Determine the
total electrical energy and/or fossil fuel en-
ergy consumption from the beginning of the
test to this time and record as Qs Record
the time interval between the start of the
standby period and the end of the standby
period as Tswy.:. Record the time during which
water is not being withdrawn from the water
heater during the entire 24-hour period as
Tstby,2-

In the event that the recovery period con-
tinues from the end of the last draw of the
first draw cluster until the subsequent draw,
the standby period will start after the end of
the first recovery period after the last draw
of the simulated-use test, when the tempera-
ture reaches the maximum average tank
temperature, though no sooner than five
minutes after the end of this recovery pe-
riod. The standby period shall last eight
hours, so testing will extend beyond the 24-
hour duration of the simulated-use test. De-
termine and record the total electrical en-
ergy and/or fossil fuel consumed from the be-
ginning of the simulated-use test to the start
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of the 8-hour standby period, Qs.o. In prepa-
ration for determining the energy consumed
during standby, record the reading(s) given
on the electrical energy (watt-hour) meter,
the gas meter, and/or the scale used to deter-
mine o0il consumption, as appropriate.
Record the mean tank temperature at the
start of the standby period as Ts.,o. Record
the mean tank temperature, the ambient
temperature, and the electric and/or fuel in-
strument readings until the end of the 8 hour
period. Record the mean tank temperature
at the end of the 8 hour standby period as
Tsr If the water heater is undergoing recov-
ery at the end of the standby period, record
the mean tank temperature T, s at the
minute prior to the start of the recovery,
which will mark the end of the standby pe-
riod. Determine the total electrical energy
and/or fossil fuel energy consumption from
the beginning of the test to the end of the
standby period and record this value as Qsur.
Record the time interval between the start
of the standby period and the end of the
standby period as Tswy.1-

Following the final draw of the prescribed
draw pattern and subsequent recovery, allow
the water heater to remain in the standby
mode until exactly 24 hours have elapsed
since the start of the simulated-use test (i.e.,
since t = 0). During the last hour of the simu-
lated-use test, power to the main burner,
heating element, or compressor shall be dis-
abled. At 24 hours, record the reading given
by the gas meter, oil meter, and/or the elec-
trical energy meter as appropriate. Deter-
mine the fossil fuel and/or electrical energy
consumed during the entire 24-hour simu-
lated-use test and designate the quantity as

5.4.3 Test Sequence for Water Heaters With
Rated Storage Volume Less Than 2 Gallons.

Establish normal operation with the dis-
charge water temperature at 125 °F 15 °F
(51.7 °C £2.8 °C) and set the flow rate as deter-
mined in section 5.2 of this appendix. Prior
to commencement of the 24-hour simulated-
use test, the unit shall remain in an idle
state in which controls are active but no
water is drawn through the unit for a period
of one hour. With no draw occurring, record
the reading given by the gas meter and/or
the electrical energy meter as appropriate.
Begin the 24-hour simulated-use test by
withdrawing the volume specified in Tables
III.1 through III.4 of section 5.5 of this appen-
dix for the first draw at the flow rate speci-
fied. Record the time when this first draw is
initiated and designate it as an elapsed time,
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1, of 0. At the elapsed times specified in Ta-
bles III.1 through III.4 for a particular draw
pattern, initiate additional draws, removing
the volume of hot water at the prescribed
flow rate specified in Tables III.1 through
III.4. The maximum allowable deviation
from the specified volume of water removed
for any single draw taken at a nominal flow
rate less than or equal to 1.7 GPM (6.4 L/min)
is 0.1 gallons (+0.4 liters). The maximum al-
lowable deviation from the specified volume
of water removed for any single draw taken
at a nominal flow rate of 3 GPM (11.4 L/min)
is #0.25 gallons (0.9 liters). The quantity of
water drawn during the final draw shall be
increased or decreased as necessary such
that the total volume of water withdrawn
equals the prescribed daily amount for that
draw pattern #1.0 gallon (3.8 liters). If this
adjustment to the volume drawn in the last
draw results in no draw taking place, the
test is considered invalid.

Measurements of the inlet and outlet
water temperatures shall be made 5 seconds
after the draw is initiated and at every 3-sec-
ond interval thereafter throughout the dura-
tion of the draw. Calculate the mean of the
hot water discharge temperature and the
cold water inlet temperature for each draw.
Record the mass of the withdrawn water or
the water meter reading, as appropriate,
after each draw. At the end of the recovery
period following the first draw, determine
and record the fossil fuel and/or electrical
energy consumed, Q,. Following the final
draw and subsequent recovery, allow the
water heater to remain in the standby mode
until exactly 24 hours have elapsed since the
start of the test (i.e., since 1 = 0). At 24 hours,
record the reading given by the gas meter,
oil meter, and/or the electrical energy meter,
as appropriate. Determine the fossil fuel and/
or electrical energy consumed during the en-
tire 24-hour simulated-use test and designate
the quantity as Q.

5.5 Draw Patterns. The draw patterns to be
imposed during 24-hour simulated-use tests
are provided in Tables III.1 through III.4.
Subject each water heater under test to one
of these draw patterns based on its first-hour
rating or maximum GPM rating, as discussed
in section 5.4.1 of this appendix. Each draw
pattern specifies the elapsed time in hours
and minutes during the 24-hour test when a
draw is to commence, the total volume of
water in gallons (liters) that is to be re-
moved during each draw, and the flow rate at
which each draw is to be taken, in gallons
(liters) per minute.

TABLE lll.1—VERY-SMALL-USAGE DRAW PATTERN

Time during test Volume Flow Rate **

Draw No. (hh:mm] [gallons (L)] [GPM (Umin)]
1. 0:00 2.0 (7.6) 1(3.8)
2. 1:00 1.0 (3.8) 1(3.8)

396



Department of Energy

Pt. 430, Subpt. B, App. E

TABLE Ill.1—VERY-SMALL-USAGE DRAW PATTERN—Continued

Time during test Volume Flow Rate **
Draw No. ] [gallons (L)] [GPM (L/min)]
1:05 0.5 (1.9) 1(3.8)
1:10 0.5 (1.9) 1(3.8)
1:15 0.5 (1.9) 1(3.8)
8:00 1.0 (3.8) 1(3.8)
8:15 2.0 (7.6) 1(3.8)
9:00 1.5 (5.7) 1(3.8)
9:15 1.0 (3.8) 1(3.8)

Total Volume Drawn Per Day: 10 gallons (38 L)

*Denotes draws in first draw cluster.

**Should the water heater have a maximum GPM rating less than 1 GPM (3.8 L/min), then all draws shall be implemented at
a flow rate equal to the rated maximum GPM.

TABLE lll.2—LOW-USAGE DRAW PATTERN

Time during test Volume Flow rate
Draw No. thhzmm] [gallons (iiters)] [GPM (L/min)]
0:00 15.0 (56.8) 1.7 (6.4)
0:30 2.0 (7.6) 1(3.8)
1:00 1.0 (3.8) 1(3.8)
10:30 6.0 (22.7) 1.7 (6.4)
11:30 4.0 (15.1) 1.7 (6.4)
12:00 1.0 (3.8) 1(3.8)
12:45 1.0 (3.8) 1(3.8)
12:50 1.0 (3.8) 1(3.8)
16:15 2.0 (7.6) 1(3.8)
16:45 2.0 (7.6) 1.7 (6.4)
............. 17:00 3.0 (11.4) 1.7 (6.4)
Total Volume Drawn Per Day: 38 gallons (144 L)
* Denotes draws in first draw cluster.
TABLE 111.3—MEDIUM-USAGE DRAW PATTERN
Time during test Volume Flow rate
Draw No. hzmm] [gallons (liters)] [GPM (L/min)]
0:00 15.0 (56.8) 1.7 (6.4)
0:30 2.0 (7.6) 1(3.8)
1:40 9.0 (34.1) 1.7 (6.4)
10:30 9.0 (34.1) 1.7 (6.4)
11:30 5.0 (18.9) 1.7 (6.4)
12:00 1.0 (3.8) 1(3.8)
12:45 1.0 (3.8) 1(3.8)
12:50 1.0 (3.8) 1(3.8)
16:00 1.0 (3.8) 1(3.8)
16:15 2.0 (7.6) 1(3.8)
16:45 2.0 (7.6) 1.7 (6.4)
17:00 7.0 (26.5) 1.7 (6.4)
Total Volume Drawn Per Day: 55 gallons (208 L)
*Denotes draws in first draw cluster.
TABLE Ill.4—HIGH-USAGE DRAW PATTERN
Time during test Volume Flow rate
Draw No. : [gallons (iiters)] [GPM (L/min)]
1% 0:00 27.0 (102) 3(11.4)
2+ 0:30 2.0 (7.6) 1(3.8)
3* 0:40 1.0 (3.8) 1(3.8)
4> . 1:40 9.0 (34.1) 1.7 (6.4)
5. 10:30 15.0 (56.8) 3(11.4)
6 11:30 5.0 (18.9) 1.7 (6.4)
7 12:00 1.0 (3.8) 1(3.8)
8 12:45 1.0 (3.8) 1(3.8)
9 12:50 1.0 (3.8) 1(3.8)
10 .. 16:00 2.0 (7.6) 1(3.8)
1, 16:15 2.0 (7.6) 1(3.8)
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TABLE Ill.4—HIGH-USAGE DRAW PATTERN—Continued

Time during test Volume Flow rate
Draw No. h:mm] [galions (iiters)] [GPM (L/min)]
2. 16:30 2.0 (7.6) 1.7 (6.4)
13 ... 16:45 2.0 (7.6) 1.7 (6.4)
14 ... 17:00 14.0 (53.0) 3 (11.4)

Total Volume Drawn Per Day: 84 gallons (318 L)

*Denotes draws in first draw cluster.

6. COMPUTATIONS

6.1 First-Hour Rating Computation. For the
case in which the final draw is initiated at or

Where:

n = the number of draws that are completed
during the first-hour rating test.

Where:

M*; = the mass of water removed during the
ith draw of the first-hour rating test, 1b
(kg).

p = the water density corresponding to the
average outlet temperature measured
during the ith draw, (T*...), 1b/gal (kg/L).

where n and V* are the same quantities as
defined above, and

V*, = the volume of water drawn during the
nth (final) draw of the first-hour rating

_ test, gal (I).

T*se1n—1 = the average water outlet tempera-
ture measured during the (n—1I1)th draw

_of the first-hour rating test, °F ( °C).

T*san = the average water outlet tempera-
ture measured during the nth (final)

prior to one hour from the start of the test,
the first-hour rating, Fi., shall be computed
using,

V* = the volume of water removed during
the ith draw of the first-hour rating test,
gal (L) or, if the mass of water is being
measured,

For the case in which a draw is not in
progress at one hour from the start of the
test and a final draw is imposed at the
elapsed time of one hour, the first-hour rat-
ing shall be calculated using

ok *
Tdel,n - Tmin,n— 1

% *
Tdel,n—l — tminn-1

draw of the first-hour rating test, °F (
°C).

T*minn—1 = the minimum water outlet tem-
perature measured during the (n—1)th
draw of the first-hour rating test, °F (
°C).

6.2 Maximum GPM (L/min) Rating Computa-
tion. Compute the maximum GPM (L/min)
rating, Fax, as:
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or,

which may be expressed as:

or,

Where:

Mom = the mass of water collected during

_ the 10-minute test, 1b (kg).

Tae = the average delivery temperature, °F (
°C).

or,

Where:

Viom = the volume of water measured during
_ the 10-minute test, gal (L).
T = as defined in this section.

Tin = as defined in this section.

Pt. 430, Subpt. B, App. E

E _ MlOm(Tdel B Tin)
max — o o
10(p)(125°F — 58°F)

MlOm (Tdel - Tin)

E. =
max = 10(p)(51.7°C — 14.4°C)

— MlOm(Tdel - Tin)
max 10(p)(67°F)

E — MlOm(Tdel - Tin)
max = 710(p)(37.3°C)

Tin = the average inlet temperature, °F ( °C).
p = the density of water at the average deliv-
ery temperature, 1b/gal (kg/L).
If a water meter is used, the maximum
GPM (L/min) rating is computed as:

E — VlOm(Tdel - Tin)
max 10(67°F)

B = Viom (Taer — Tin)
max 10(37.3°C)

6.3 Computations for Water Heaters with a
Rated Storage Volume Greater Than or Equal to
2 Gallons.

6.3.1 Storage Tank Capacity. The storage
tank capacity, Vg, is computed as follows:
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Vse =

Where:

Vg« = the storage capacity of the water heat-
er, gal (L)

Ws = the weight of the storage tank when
completely filled with water, 1b (kg)

W, = the (tare) weight of the storage tank
when completely empty, 1b (kg)

10 CFR Ch. Il (1-1-17 Edition)

Wy —w,)

p

p = the density of water used to fill the tank
measured at the temperature of the
water, 1b/gal (kg/L)

6.3.2 Recovery Efficiency. The recovery effi-
ciency for gas, oil, and heat pump storage-
type water heaters, n., is computed as:

VstPZCpZ(Tmax,l - 7_10)

— Mlcpl(Tdel,l - _in,l) +

r Q,

Where:

M, = total mass removed from the start of
the 24-hour simulated-use test to the end
of the first recovery period, 1b (kg), or, if
the volume of water is being measured,

M, = V1P1

Where:

V., = total volume removed from the start of
the 24-hour simulated-use test to the end
of the first recovery period, gal (L).

p1 = density of the water at the water tem-
perature measured at the point where
the flow volume is measured, 1b/gal (kg/
L).

Cp1 = specific heat of the withdrawn water
evaluated at (Tge1 + Tin1)/2, Btw/(1b: °F)
(kJ/(kg- °C))

Tdeu = average water outlet temperature
measured during the draws from the
start of the 24-hour simulated-use test to
the end of the first recovery period, °F (
°C).

Tin,l = average water inlet temperature meas-
ured during the draws from the start of
the 24-hour simulated-use test to the end
of the first recovery period, °F ( °C).

V. = as defined in section 6.3.1.

p2 = density of stored hot water evaluated at
(Trax1 + To)/2, 1b/gal (kg/L).

Cp2 = specific heat of stored hot water evalu-
ated at (Tmax1 + To)/2, Btw/(1b- °F) (kJ/(kg-
°C).

Tmz.x‘l = maximum mean tank temperature
recorded after cut-out following the first
recovery of the 24-hour simulated use
test, °F ( °C).

Qr

T, = maximum mean tank temperature re-
corded prior to the first draw of the 24-
hour simulated-use test, °F ( °C).

Q: = the total energy used by the water heat-
er between cut-out prior to the first draw
and cut-out following the first recovery
period, including auxiliary energy such
as pilot lights, pumps, fans, etc., Btu
(kJ). (Electrical auxiliary energy shall
be converted to thermal energy using the
following conversion: 1 kWh = 3412 Btu).

The recovery efficiency for electric water
heaters with immersed heating elements is
assumed to be 98 percent.

6.3.3 Hourly Standby Losses. The energy
consumed as part of the standby loss test of
the 24-hour simulated-use test, Qqwy, is com-
puted as:

Q.vrhy = Q.\'u,f - Qsuo
Where:

Qsuo = cumulative energy consumption of
the water heater from the start of the 24-
hour simulated-use test to the time at which
the maximum mean tank temperature is at-
tained starting five minutes after the recov-
ery following the end of the first draw clus-
ter, Btu (kJ).

Qsur = cumulative energy consumption of
the water heater from the start of the 24-
hour simulated-use test to the minute prior
to the start of the draw following the end of
the first draw cluster or the minute prior to
a recovery occurring at the start of the draw
following the end of the first draw cluster,
Btu (kJ).

The hourly standby energy losses are com-
puted as:
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VstpCp (Tsu,f - Tsu,o)

Qstby -

Nr

Qhr -

Where:

Qnr = the hourly standby energy losses of the
water heater, Btu/h (kJ/h).

Vs = as defined in section 6.3.1 of this appen-
dix.

p = density of stored hot water, (Tsur + Tsuo)/
2, Ib/gal (kg/L). _

C, =_specific heat of the stored water, (Tsur +

_ Two)/2, Btw(b-F), (kJ/(kg-K))

Tws = the mean tank temperature observed
at the minute prior to the start of the
draw following the first draw cluster or
the minute prior to a recovery occurring
at the start of the draw following the end

_ of the first draw cluster, °F ( °C).

Tswo = the maximum mean tank temperature
observed starting five minutes after the
first recovery following the final draw of
the first draw cluster, °F ( °C).

n: = as defined in section 6.3.2 of this appen-
dix.

Tabyy = elapsed time between the time at
which the maximum mean tank tempera-
ture is observed starting five minutes
after recovery from the first draw cluster
and the minute prior to the start of the
first draw following the end of the first
draw cluster of the 24-hour simulated-use
test or the minute prior to a recovery oc-
curring at the start of the draw following
the end of the first draw cluster, h.

The standby heat loss coefficient for the
tank is computed as:

Tstby,l

UA = Qhr

Tt,stby,l - Ta,stby,l
Where:

UA = standby heat loss coefficient of the
_ storage tank, Btu/(h- °F), (kJ/(h- °C).
Tiswyn = overall average storage tank tem-
perature between the time when the
maximum mean tank temperature is ob-
served starting five minutes after cut-
out following the first draw cluster and
the minute prior to commencement of
the next draw following the first draw
cluster of the 24-hour simulated-use test
or the minute prior to a recovery occur-
ring at the start of the draw following
_ the end of the first draw cluster, °F ( °C).
Taswya1 = overall average ambient tempera-
ture between the time when the max-
imum mean tank temperature is ob-
served starting five minutes after cut-
out following the first draw cluster and
the minute prior to commencement of
the next draw following the first draw
cluster of the 24-hour simulated-use test
or the minute prior to a recovery occur-
ring at the start of the draw following
the end of the first draw cluster, °F ( °C).
6.3.4 Daily Water Heating Energy Consump-
tion. The daily water heating energy con-
sumption, Qq4, is computed as:

VsepCy (To4 —To)

Q=0 -

Where:

Q = Qr + Q. = total energy used by the water
heater during the 24-hour simulated-use
test, including auxiliary energy such as
pilot lights, pumps, fans, etc., Btu (kJ).
(Electrical energy shall be converted to
thermal energy using the following con-
version: 1kWh = 3412 Btu.)

Qr = total fossil fuel energy used by the
water heater during the 24-hour simu-
lated-use test, Btu (kJ).

Q. = total electrical energy used during the
24-hour simulated-use test, Btu (kdJ).

Vs = as defined in section 6.3.1 of this appen-
dix.

Nr

p = density of the stored hot water, evalu-
ated at (Th4 + To)/2, 1b/gal (kg/L)

C, = specific heat of the stored water, evalu-
ated at (The + To)/2, Btw(b-F), (kJ/
(kg'K)).

T»+ = mean tank temperature at the end of
the 24-hour simulated-use test, °F ( °C).

To = mean tank temperature at the begin-
ning of the 24-hour simulated-use test,
recorded one minute before the first draw
is initiated, °F ( °C).

n: = as defined in section 6.3.2 of this appen-
dix.
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6.3.5 Adjusted Daily Water Heating Energy
Consumption. The adjusted daily water heat-
ing energy consumption, Qu., takes into ac-
count that the ambient temperature may
differ from the nominal value of 67.5 °F (19.7

10 CFR Ch. Il (1-1-17 Edition)

°C) due to the allowable variation in sur-
rounding ambient temperature of 65 °F (18.3
°C) to 70 °C (21.1 °C). The adjusted daily water
heating energy consumption is computed as:

Qaa = Qq — (67-5°F - 7_Wa,stby,z)(—]A Tstby,2

or,

Qaa = Qa — (19-70(: - Ta,stby,Z)UA Tstby,2

Where:

Qaa = the adjusted daily water heating energy
consumption, Btu (kJ).

Qa4 = as defined in section 6.3.4 of this appen-
dix.

T.avy2 = the average ambient temperature
during the total standby portion, Ty, of
the 24-hour simulated-use test, °F ( °C).

UA = as defined in section 6.3.3 of this appen-
dix.

Tavy2 = the number of hours during the 24-
hour simulated-use test when water is

i(Tdel,i

not being withdrawn from the water
heater.

A modification is also needed to take into
account that the temperature difference be-
tween the outlet water temperature and sup-
ply water temperature may not be equiva-
lent to the nominal value of 67 °F (1256 °F-58
°F) or 37.3 °C (51.7 °C-14.4 °C). The following
equations adjust the experimental data to a
nominal 67 °F(37.3 °C) temperature rise.

The energy used to heat water, Btu/day
(kJ/day), may be computed as:

- 7_Win,i)

N M
QHW=Z L
i=1

Where:
N = total number of draws in the draw pat-
tern.

M; = the mass withdrawn for the ith draw (i
=1to N), 1b (kg)

Cpi = the specific heat of the water of the ith
draw evaluated at (Tge;i + Tini)/2, Btu/(1b-

_ °F) (kJ/(kg- °C)).

Tae1i = the average water outlet temperature
measured during the ith draw (i =1 to N),
°F (°C).

Nr

Tini = the average water inlet temperature
measured during the ith draw (i =1 to N),
°F ( °C).

n: = as defined in section 6.3.2 of this appen-
dix.

The energy required to heat the same
quantity of water over a 67 °F (37.3 °C) tem-
perature rise, Btu/day (kJ/day), is:
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& M;C,; (125°F — 58°F)
QHW,67°F = E 1
T

i=1
or

N
MiCpi(51.7°C — 14.4°C)
QHW,37.3°C = Z 1
T

i=1

The difference between these two values is:

Quwp = Quw.67 °F — Quw

or Quwp = Quw,373 °c — Quw

This difference (Quwp) must be added to the
adjusted daily water heating energy con-
sumption value. Thus, the daily energy con-
sumption value which takes into account

that the ambient temperature may not be
67.5 °F (19.7 °C) and that the temperature rise
across the storage tank may not be 67 °F
(37.3 °C) is:
Qim = Qaa + Quwp

6.3.6 Uniform Energy Factor. The uniform
energy factor, UEF, is computed as:

Qdm

N [} [+]
UEF = Z M;C,;(125°F — 58°F)
i=1

N
UEF =\Z M;C,;(51.7°C — 14.4°C)
i=1

or,
Where:
N = total number of draws in the draw pat-
tern

Qum = the modified daily water heating en-
ergy consumption as computed in accord-
ance with section 6.3.5 of this appendix,
Btu (kJ)

M; = the mass withdrawn for the ith draw (i
=1to N), 1b (kg)

Eannual = 365 x

Where:

Qdm

Cpi = the specific heat of the water of the ith
draw, evaluated at (125 °F + 58 °F)/2 = 91.5
°F ((51.7 °C + 14.4 °C)/2 = 33 °C), Btu/(1b-
°F) (kJ/(kg- °C)).

6.3.7 Annual Energy Consumption. The an-
nual energy consumption for water heaters
with rated storage volumes greater than or
equal to 2 gallons is computed as:

) (p)(Cp)(67)
UEF

UEF = the uniform energy factor as com-
puted in accordance with section 6.3.6 of
this appendix
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365 = the number of days in a year

V = the volume of hot water drawn during

the applicable draw pattern, gallons

10 for the very-small-usage draw pattern

38 for the low-usage draw pattern

55 for the medium-usage draw pattern

84 for high-usage draw pattern

p = 8.24 1bn/gallon, the density of water at 125
°F

Cp = 1.00 Btu/lb,, °F, the specific heat of
water at 91.5 °F

67 = the nominal temperature difference be-
tween inlet and outlet water

6.3.8 Annual Electrical Energy Consumption.

The annual electrical energy consumption in

kilowatt-hours for water heaters with rated

storage volumes greater than or equal to 2

gallons, Bannuale, 18 computed as:

Bannuate = Bannua®*(Qe/Q)/3412

Where:

Eunmua = the annual energy consumption as
determined in accordance with section
6.3.7, Btu (kJ)

Q. = the daily electrical energy consumption
as defined in section 6.3.4 of this appen-
dix, Btu (kJ).

10 CFR Ch. Il (1-1-17 Edition)

Q = total energy used by the water heater
during the 24-hour simulated-use test in
accordance with section 6.3.4 of this ap-
pendix, Btu (kJ)

3412 = conversion factor from Btu to kWh

6.3.9 Annual Fossil Fuel Energy Consump-
tion. The annual fossil fuel energy consump-
tion for water heaters with rated storage
volumes greater than or equal to 2 gallons,
Eunnuart, 18 computed as:

(Eannuare X 3412)

Eannuatt = Bannual —

Where:

Eunmua = the annual energy consumption as
determined in accordance with section
6.3.7 of this appendix, Btu (kdJ)

Eunnuae = the annual electrical energy con-
sumption as determined in accordance
with section 6.3.8 of this appendix, KkWh

3412 = conversion factor from kWh to Btu

6.4 Computations for Water Heaters With

Rated Storage Volume Less Than 2 Gallons.

6.4.1 Recovery Efficiency. The recovery effi-
ciency, 1., is computed as:

— Mlcpl(Tdel,l - Tin,l)

r

Where:

M, = total mass removed during the first
draw of the 24-hour simulated-use test, 1b
(kg), or, if the volume of water is being
measured, M; =V, - p

Where:

V, = total volume removed during the first
draw of the 24-hour simulated-use test,
gal (L).

p = density of the water at the water tem-
perature measured at the point where
the flow volume is measured, lb/gal(kg/
L).

Cp1 =_specific heat of the withdrawn water,

_ (Taer,1 ¥ Tin,1)/2, Btw/(1b - °F) (kJ/(Kg - °C)).

T.i1,1 = average water outlet temperature
measured during the first draw of the 24-

_ hour simulated-use test, °F ( °C).

Ti.,1 = average water inlet temperature meas-
ured during the first draw of the 24-hour
simulated-use test, °F ( °C).

Q: = the total energy used by the water heat-
er between cut-out prior to the first draw
and cut-out following the first draw, in-
cluding auxiliary energy such as pilot
lights, pumps, fans, etc., Btu (kJ). (Elec-
trical auxiliary energy shall be converted

Qr

to thermal energy using the following
conversion: 1 kWh = 3412 Btu.)
6.4.2 Daily Water Heating Energy Consump-
tion. The daily water heating energy con-
sumption, Qq4, is computed as:

Qui=Q
Where:

Q = Qr + Q. = the energy used by the water
heater during the 24-hour simulated-use
test.

Qr = total fossil fuel energy used by the
water heater during the 24-hour simu-
lated-use test, Btu (kJ).

Q. = total electrical energy used during the
24-hour simulated-use test, Btu (kJ).

A modification is needed to take into ac-
count that the temperature difference be-
tween the outlet water temperature and sup-
ply water temperature may not be equiva-
lent to the nominal value of 67 °F (1256 °F-58
°F) or 37.3 °C (51.7 °C-14.4 °C). The following
equations adjust the experimental data to a
nominal 67 °F (37.3 °C) temperature rise.

The energy used to heat water may be
computed as:
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- Tin,i)

N
M;C
Quw =
i=1
Where:
N = total number of draws in the draw pat-
tern

M; = the mass withdrawn for the ith draw(i =
1to N), 1b (kg)

Cpi = the specific heat of the water of the ith
draw evaluated at (Tgeii + Tini)/2, Btu/(1b -

_ °F) (kJ/(kg - °C)).

Tse; = the average water outlet temperature
measured during the ith draw (i =1 to N),
°F ( °C).

N

QHW,67°F = Z

i=1

or

N
QHW,37.3°C = Z

i=1

Where:

N = total number of draws in the draw pat-
tern

the mass withdrawn during the ith

draw, 1b (kg)

M;

QHWD =

or

QHWD =

This difference (Quwp) must be added to the
daily water heating energy consumption
value. Thus, the daily energy consumption
value, which takes into account that the

Nr

Tin; = the average water inlet temperature
measured during the ith draw (i =1 to N),
°F (°C).

n- = as defined in section 6.4.1 of this appen-
dix.

The energy required to heat the same
quantity of water over a 67 °F (37.3 °C) tem-
perature rise is:

M;C,;(125°F — 58°F)
s

M;C,;(51.7°C — 14.4°C)

Nr

C,i = the specific heat of water of the ith
draw, Btu/(1b - °F) (kJ/(kg - °C))
n- = as defined in section 6.4.1 of this appen-
dix.
The difference between these two values is:

Quw,67°F — Quw

Quw373°c — Quw

temperature rise across the water heater
may not be 67 °F (37.3 °C), is:
Qim = Qa + Quwp

6.4.3 Uniform Energy Factor. The uniform
energy factor, UEF, is computed as:
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Cpi(125°F — 58°F)

N
M;
UEF = Z
=1

Qdm

N

or,
i=1
Where:
N = total number of draws in the draw pat-
tern

Qam = the modified daily water heating en-
ergy consumption as computed in accord-
ance with section 6.4.2 of this appendix,
Btu (kJ)

M; = the mass withdrawn for the ith draw(i =
1 to N), 1b (kg)

Earmual

Where:

UEF = the uniform energy factor as com-
puted in accordance with section 6.4.3 of
this appendix

3656 = the number of days in a year.

V = the volume of hot water drawn during

the applicable draw pattern, gallons

10 for the very-small-usage draw pattern

38 for the low-usage draw pattern

55 for the medium-usage draw pattern

84 for high-usage draw pattern

= 8.24 1b,,/gallon, the density of water at 125

°F

= 1.00 Btu/lb,, °F, the specific heat of

water at 91.5 °F

67 = the nominal temperature difference be-
tween inlet and outlet water

6.4.5 Annual Electrical Energy Consumption.
The annual electrical energy consumption in
kilowatt-hours for water heaters with rated
storage volumes less than 2 gallons, Eannual, e,
is computed as:

Bannuate = Eannua*(Qe/Q)/3412
Where:
Q. = the daily electrical energy consumption

as defined in section 6.4.2 of this appen-
dix, Btu (kJ)

Q T annn
o

Qdm

C,i = the specific heat of the water at the ith
draw, evaluated at (125 °F + 58 °F)/2 = 91.5
°F ((61.7 °C + 14.4 °C)/2 = 33.1 °C), Btw/(1lb
- °F) (kJ/(kg - °C)).

6.4.4 Annual Energy Consumption. The an-
nual energy consumption for water heaters
with rated storage volumes less than 2 gal-
lons, Eannua, 18 computed as:

_ 365 O

UEF

Eanmua = the annual energy consumption as
determined in accordance with section
6.4.4 of this appendix, Btu (kJ)

Q = total energy used by the water heater
during the 24-hour simulated-use test in
accordance with section 6.4.2 of this ap-
pendix, Btu (kdJ)

Quam = the modified daily water heating en-
ergy consumption as computed in accord-
ance with section 6.4.2 of this appendix,
Btu (kJ)

3412 = conversion factor from Btu to kWh

6.4.6 Annual Fossil Fuel Energy Consump-
tion. The annual fossil fuel energy consump-
tion for water heaters with rated storage
volumes less than 2 gallons, Eunnar, 1S com-
puted as:
Bannuals = B
Where:

Euinnuae = the annual electrical energy con-
sumption as defined in section 6.4.5 of
this appendix, kWh.

Eunua = the annual energy consumption as
defined in section 6.4.4 of this appendix,
Btu (kJ)

3412 = conversion factor from kWh to Btu

1 (Bannuate X 3412)
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[79 FR 40567, July 11, 2014]

APPENDIX F TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF ROOM AIR CONDITIONERS

NOTE: Manufacturers are not required to
use the test procedures and calculations that
refer to standby mode and off mode energy
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